Postnatal development includes dramatic changes in gonadal hormones and the many social behaviors they help regulate, both in rodents and humans. Parental care-seeking is the most salient social interaction in neonates and infants, play and prosocial behaviors are commonly studied in juveniles, and the development of aggression and sexual behavior begins in peripubertal stages but continues through late adolescence into adulthood. Although parental behaviors are shown after reproductive success in adulthood, alloparenting behaviors are actually high in juveniles as well. These behaviors are sensitive to both early-life organizational effects of gonadal hormones and later-life activational regulation. However, changes in circulating gonadal hormones and the display of the previous behaviors over development differ between rats, mice, and humans. These endpoints are of interest to endocrinologist, toxicologists, and neuroscientists because of their relevance to mental health disorders and their vulnerability to effects of endocrine-disrupting chemical exposure. As such, the goal of this mini-review is to succinctly describe and relate the postnatal development of gonadal hormones and social behaviors to each other, over time, and across animal models. Ideally, this will help identify appropriate animal models and age ranges for continued study of both normative development and in contexts of environmental disruption. (Endocrinology 159: 2596(Endocrinology 159: -2613(Endocrinology 159: , 2018 P ostnatal development is a period where individuals' interactions with their environments can have lifelong influences on health and wellbeing, an extension of the "Fetal Origins of Health and Disease" concept (1). The brain is uniquely sensitive to the effects of gonadal hormones prior to the completion of puberty, with longterm ramifications on later behavior (2-6). Indeed, postnatal development is a time during which a range of sex-biased and hormone-sensitive psychopathologies become pronounced, including anxiety, depression, and schizophrenia (7-11). More specifically, adolescence is a time of increased risk-taking, potential for drug abuse, and sensitivity to stress as a precursor to clinical depression (12) (13) (14) . Development is also of considerable interest in toxicological research because of changes in metabolism and drug sensitivity that may be influenced by circulating hormones or sex-specific factors (15, 16). The reader is also referred to several previous reviews that compare reproductive and neural development across species (17) (18) (19) (20) (21) (22) (23) (24) (25) .
P
ostnatal development is a period where individuals' interactions with their environments can have lifelong influences on health and wellbeing, an extension of the "Fetal Origins of Health and Disease" concept (1) . The brain is uniquely sensitive to the effects of gonadal hormones prior to the completion of puberty, with longterm ramifications on later behavior (2) (3) (4) (5) (6) . Indeed, postnatal development is a time during which a range of sex-biased and hormone-sensitive psychopathologies become pronounced, including anxiety, depression, and schizophrenia (7) (8) (9) (10) (11) . More specifically, adolescence is a time of increased risk-taking, potential for drug abuse, and sensitivity to stress as a precursor to clinical depression (12) (13) (14) . Development is also of considerable interest in toxicological research because of changes in metabolism and drug sensitivity that may be influenced by circulating hormones or sex-specific factors (15, 16) . The reader is also referred to several previous reviews that compare reproductive and neural development across species (17) (18) (19) (20) (21) (22) (23) (24) (25) .
The display of social behaviors like parental careseeking, prosocial play and affiliative behavior, aggression, sexual behavior, and (allo)parenting changes dramatically during postnatal development. Many of these behaviors are sensitive to gonadal hormones and/or are sexually differentiated, as reviewed below. It follows that endocrine-disrupting chemicals affect the display of these behaviors [see (26) (27) (28) (29) for a range of examples], and the use of appropriate animal models of hormonesensitive behaviors are necessary for continued research (30) . As such, the goal of the current mini-review is to provide a concise overview of the postnatal development of circulating gonadal hormone concentrations and the social behaviors they regulate in rats, mice, and humans. Of course, displays of these social behaviors in humans are influenced by secular and cultural conditions and do not solely reflect basic biological tendencies. However, this review attempts to discuss aspects of the behaviors analogous to those observed in rodents. It is hoped that this will facilitate identification of developmental time points and landmarks for a particular outcome of interest.
In the below text, the stages of postnatal development and the hypothalamic-pituitary-gonadal (HPG) axis are introduced briefly. Then, the developmental profiles of circulating sex hormones are described and are illustrated in Fig. 1 . This section is followed by brief descriptions of hormone-dependent and sexually differentiated social behaviors and then a summary of their developmental trajectories, as shown in Fig. 2 .
Developmental Stages
The age at which an individual transitions through different developmental states is influenced by individual variability and environmental influences (day length, pheromone cues, stress, and nutritional state) (31) (32) (33) (34) (35) and is often difficult to define. However, working definitions are useful and are therefore attempted here. This review will use the ranges shown in Table 1 , based on noted hormonal and behavioral transitions at these stages. Other age ranges have also been used previously based on rodent HPG axis activity (36) , toxicological considerations (37) , and neural and behavioral milestones (23, 38) .
The neonatal period, is, essentially, an extension of gestation. Indeed, there are several maturational processes that occur prenatally in humans and postnatally in rodents. The transition from neonate to infant is gradual, occurring between postnatal day (P) 4 and P7 in rodents and 1 to 2 months in humans. The infant period is a time during which sensory development and interactions with the environment become more advanced relative to the newborn. The infant to juvenile transition has typically been defined by weaning at P21 in rodents. However, dam-initiated weaning can occur as early as P16, mature locomotor behavior is present by P17, and play and alloparental behavior can be seen in P18 rats (39, 40) , perhaps indicating an earlier behavioral transition out of infancy analogous to early childhood in humans. In humans, the transition between infant (colloquially, a "baby" then "toddler") and juvenile/child (colloquially, a "preschooler" and then "gradeschooler") occurs between 2 and 3 years (19, 41) .
The peripubertal period begins as circulating gonadal hormones start to rise and ends at reproductive maturity. Puberty has been defined as the final maturation of the HPG axis, reproductive systems, and secondary sex characteristics such that complete sexual differentiation and fertility are achieved (39, 42) . In rats, puberty occurs between P30 and P42 in females and P42 and P55 in males, with the regular estrous cycles and mature sperm presence in the vas deferens marking the completion of this developmental stage in females and males, respectively (36) . In mice, the onset of puberty is markedly strain dependent and can occur as early as P26 in females and P30 in males (43) . In humans, puberty generally occurs between 10 and 15 years in females and 11 and 16 years in males with a sequence of physical changes that includes pubic hair growth and genitalia or breast development along Tanner stages I (prepubertal) through V (mature) (44) (45) (46) . These physical changes are the result of increasing exposure to circulating estrogens and androgens because of the maturation of the gonads during gonadarche, and of the adrenal cortex during adrenarche in humans. Adrenarche, which begins between 6 and 7 years, is associated with the increased secretion of dehydroepiandrosterone and its sulfate from the adrenal zona reticularis (47) . These hormones peak in concentration around 25 years before declining with age (48) . Gains in gonadal hormone production during gonadarche are discussed below.
Whereas puberty and adolescence often co-occur, adolescence is defined as the period between the onset of sexual maturation and attainment of adult roles over a broader time span, which is culturally defined in humans (38, 49) . In both rodents and humans, adolescence is a time of increased reward-seeking and social reorientation, as the value of social cues from parents and peers shifts (38, 50, 51) . This is mediated by the maturation of affective brain regions important in social information processing in both hormone-dependent and -independent ways (50, 52) . Although the onset of adulthood in humans has been defined as early as 18 years, there is evidence for a more protracted period of brain development and shifting cultural norms that indicate this transition occurs slightly later, around 21 years (53). As indicators of puberty have been advancing in recent decades (54, 55) , modern teenagers have an extended adolescent stage of life.
Gonadal Hormones
Concentrations of circulating gonadal hormones are regulated by the HPG axis, where hypothalamic GnRH stimulates the release of pituitary gonadotropins, which then stimulate the gonads to produce sex hormones, including testosterone, estradiol, and progesterone. When considering the regulation of hormone-sensitive behaviors, both organizational and activational influences must be taken into account: early life exposures to sex hormones, including those during perinatal and pubertal https://academic.oup.com/endodevelopment, can sculpt neural and reproductive tissues during development such that they can be activated by permissive effects of circulating hormones later in life in both rodents and humans (2, 56, 57) . Many of the developmental changes in circulating sex hormones are due to the maturation of the hypothalamus and are described in depth elsewhere. The gonads and neural network that make up the GnRH pulse generator are functional at birth in humans, producing high concentrations of gonadal hormones during minipuberty as the negative feedback from maternal and placental sex hormones are withdrawn (58, 59) . The HPG axis then undergoes a quiescent period until the appropriate balance of excitatory and inhibitory neural inputs and feedback sensitivity is achieved for pulsatility at puberty onset (60, 61) . In contrast, functionality of the HPG axis in rodents develops gradually over juvenile development until pulsatile functionality at puberty onset (43) . It should be emphasized that the gonads are not the only source of sex hormones, as adrenal production and de novo tissuespecific synthesis are also possible (62) . Indeed, local aromatization of testosterone drives masculinization of the perinatal rodent brain, and concentrations of estradiol, testosterone, and progesterone in brain tissues do not always correlate with those in serum (24, (63) (64) (65) . As such, local steroidogenesis should be considered when attempting to identify effects of sex hormones on brain development and function. Glucocorticoids are also dynamically regulated during postnatal development and can affect social behavior (66) (67) (68) (69) .
Postnatal Development of Concentrations of Circulating Gonadal Hormones

Estradiol
Rats
In both female and male Sprague-Dawley rats, serum estradiol concentrations are higher at birth than in the hours and days that follow (63, 65, 70) . However, steroidogenesis of the ovary is minimal at this age (71, 72) , and therefore these elevated estradiol concentrations may be of maternal (63) or adrenal (73) origin. Importantly, estrogen receptor binding and activity in neonatal females are prevented by high circulating concentrations of a-fetoprotein (74) . Estradiol is then maintained at low concentrations until a peak around P15, above those observed in adulthood, in both males and females (70, 75) . Afterward, concentrations are low again and remain equivalent in both sexes until P39, after which female concentrations are higher and begin to fluctuate every 4 to 5 days (70) . Average age of vaginal opening is P35 (17, 34, 36, 76, 77) , either the day of or before the first vaginal estrus (43) , and estrous cycles typically became regular around P42 (17, 78) .
Mice
In female mice, serum estradiol concentrations are negligible for the first week of life (79) . In ovarian assays of steroid production in response to incubation with its precursor androstenedione, estradiol becomes measureable at P7 and peaks at P38 (80) . In CF-1 female mice, estradiol concentrations in urine samples averaged over 5-day periods (so not reflective of estrous cycling) are low and steady between P29 and P38, after which they increase through P48 (81, 82) . However, serum estradiol concentrations in C57BL mice showed a marked increase between P26 and P29 (83) . Average age of vaginal opening is between P26 and P30 and first vaginal estrus between P35 and P40 in a range of strains (17, 39, (83) (84) (85) (86) . However, vaginal opening may not be the best indicator of reproductive abilities in mice (87) , and an alternative "Pubertal Ovarian Maturation" score has recently been proposed (88) . Once cycling begins, serum estradiol concentrations can be threefold higher during proestrus than diestrus (89, 90) . Longitudinal changes in circulating estradiol in male mice are, to this author's knowledge, undetermined.
Humans
In humans, estradiol concentrations in cord blood are high at birth in both males and females (59, 91, 92). Cyclic estradiol production by ovaries begins to increase at 7 days and remains high until 6 months, a phenomenon not observed in males (92, 93) . There is a gradual decrease from 6 months to 2 years, at which point estradiol concentrations are low, but still higher than in males, until pubertal onset around 8 to 10 years of age (94) (95) (96) . Estradiol increases during puberty in girls to levels two-to threefold higher than those in males, with major increases between Tanner stage II and IV (97) (98) (99) . However, concentrations at Tanner stage V (;16 years) are still significantly lower than in adults throughout their menstrual cycles (20 to 32 years) (100), even though many physical changes characteristic of puberty have been achieved by this age (45) . The mean age at menarche is 12.5 years in a US sample (101) and dependent on race/ethnicity and body mass index (55, 102) . Menstrual cycles become regular within 5 years of menarche (103, 104) , during which estradiol concentrations can more than triple between early and late follicular stages (105, 106) . In boys, estradiol concentrations also increase during puberty, most noticeably between Tanner pubertal stage III and V, and 14 to 16 years (97, 107).
Progesterone
Rats
In both male and female Sprague-Dawley rats, serum progesterone concentrations are low at birth (65, 108) and then show a gradual increase until around P30. Concentrations continue to increase in females at P35, whereas males show a decline in circulating progesterone back down to P15 concentrations (70, 75) . In cycling females, progesterone concentrations can be approximately fivefold higher during late estrus compared with proestrus.
Mice
In female mice, serum concentrations of progesterone are slightly elevated at birth and then decline to low concentrations through P7 (79) . Gonadotropin-dependent ovarian production of progesterone begins at P10, is slightly elevated at P21, is similar between P29 and P38, and is at its highest at P60 (80) . Average progesterone concentrations in urinary samples taken over 5-day periods show minimal change from P29 to P43 in females (81, 82) ; however, progesterone concentrations can increase by several-fold in late estrus/early diestrus relative to proestrus in cycling females (89, 90) . Progesterone serum concentrations are orders of magnitude higher in young adult females compared with male C57BL6 mice (89), whereas longitudinal changes in male mice are, to this author's knowledge, uncharacterized.
Humans
In humans, plasma concentrations of progesterone are extremely elevated at birth and then are low and stable from 4 days to 7 years in both boys and girls (98, 109, 110) . In females, average progesterone concentrations increase gradually between 7 and 17 years and across Tanner stages I to V to levels moderately higher than those seen in males (98, 99, 109, 111, 112) . In males, progesterone concentrations are low and stable between 8 and 18 years (109, 113) . In adulthood, serum concentrations can be similar between men and women in their early follicular phase, but can be nearly 20-fold higher in women in their luteal phase (105, 106) .
Testosterone
Rats
In Wistar and Sprague-Dawley rats, males show higher plasma testosterone concentrations than females across development (70, 75) . In the hours after birth, males but not females show a spike in circulating testosterone (108, (114) (115) (116) . This spike is likely associated with Leydig cell activity driven by placental chorionic gonadotropin that is independent of LH and a functional HPG axis and simultaneous low rates of testosterone clearance by the liver (117) . Testosterone concentrations in both males and females are low between P1 and P19. In males, concentrations dip slightly between P20 and P30 prior to increasing dramatically between P40 and P60 to concentrations significantly higher than in adulthood (70, 75, 118, 119) . Concentrations stabilize at P90 (118) . Androgen-dependent preputial separation most often occurs around P43 (20, 120) , with motile sperm observed in the days that follow (43, 77) . In females, minimal changes in testosterone concentrations are found throughout development (70, 75) .
Mice
In male C57BL/6 and CD-1 mice, plasma testosterone concentrations are high within hours after birth, reaching ;50% of adult levels in a GnRH-independent manner (115, 121) . Concentrations are reduced within a day after birth and remain low (;20% of those in adults) until they start to rise around P30, peak around P40 to varying degrees, and then decline to level off around P60 (121) (122) (123) (124) (125) (126) . Slightly different patterns are observed in older studies of wild house mice and Rockland-Swiss albino male mice housed without females (127, 128) . Preputial separation occurs between P22 and P32, depending on the strain and study (85, (129) (130) (131) . This is prior to major surges in testosterone, and as such, preputial separation is not a good indicator of pubertal surges of gonadal hormones in mice. Weights of testes and epididymis continue to show marked growth through P78 (33, 132) . In female mice of multiple strains, concentrations are low at birth through P10 before a slight increase at P21 (115, 121, 122, 125) . Continued change over development is not well described in female mice, but is likely minimal given rat and human patterns.
Humans
In humans, plasma testosterone concentrations are 3 to 10 times higher in males than females during the first months of life and after puberty onset, but similar between males and females during juvenile development (97, (133) (134) (135) . In males, where the testes are functional during late gestation, plasma testosterone concentrations are somewhat elevated at birth but fall quickly by 2 days of age (134, 136) . Concentrations then gradually rise above this neonatal level to peak at about half of adult concentrations around 2 months of age, and then decline again to low concentrations typical of prepubertal males by 6 to 7 months (58, 92, (133) (134) (135) (137) (138) (139) , in parallel with gonadotropins (140, 141) . Concentrations remain low until pubertal onset around 11 years, defined as when pubic hair appears (44) or testicular volume reaches 3 cm 3 (142, 143) . During puberty, plasma testosterone concentrations increase linearly, most noticeably between Tanner stages II and V and generally between 13 and 15 years, after which they plateau through 17 years (97, 107, 113, 143) . Spermatogenesis begins early in puberty (median age is 13.4 years) (19) .
Female human testosterone concentrations are very slightly elevated in the first several days of life and then low (15% of adult concentrations) and stable between 3 months and pubertal onset (133) (134) (135) . Adrenal androgens are present in both sexes and are the source of some local androgenic effects in young girls (94) . Serum testosterone concentrations show a small but relatively linear increase between 9 and 16 years and over all Tanner stages (97, 99, 111, 144) .
Postnatal Development in the Display of Gonadal Hormone-Sensitive Social Behavior
Parental care-seeking
Rats and mice
The first social interactions altricial individuals have in their lives are, by necessity, with their caregivers; this takes the form of cries in both rodent and human neonates. In rodents, these calls are audible squeaks and ultrasonic vocalization (USV; 40 kHz in rats and 70 to 80 kHz in mice) that invoke maternal retrieval (145, 146) . Males call more than females in Sprague-Dawley rats (147) and CD1 mice (148) (but not in inbred mice strains) (149) , which causes faster maternal retrieval of male than female pups. This sex bias is dependent on Foxp2 and Foxp1 in rats and mice, respectively (147, 148) , and expression of these transcription factors is regulated by neonatal androgen (150) .
In both rats and mice, audible calls are made at birth, but then are gradually replaced with USVs. In tests where outbred rat and mouse pups were isolated and then retrieved by dams, USVs peaked at P4 or P5, when the external ear unfolds. USV production then declines upon eye opening around P12 (151) (152) (153) (154) . However, in inbred strains of mice, there are either minimal changes in frequency and duration of calls in response to isolation between P2 and P12 or a slight peak between P4 and P6 and then a decline (149) . In mice, minimal isolationinduced USVs are heard after P12 to P13, but rats continue to call during isolation through P20 at a broader range of frequencies (152) . Rats but not mice also show USVs potentiated by brief maternal contact or odors especially between P7 and P14 (155, 156) . Dam-induced weaning begins at about P16, and solid food intake increases thereafter. Pups tend to stay in proximity to each other and the nest, slowly becoming more independent in their cage investigations, around P20. Dispersal can occur significantly later, around P42 to P49 in male and P71 in female mice (39) , effectively ending this period of parental interaction.
Humans
In humans, there are some indications of sex differences in verbal abilities and melodic characteristics in spontaneous crying in infants 4 and 8 weeks old, which are associated with language outcomes at 2.5 years. These melodic characteristics are associated with higher unbound estradiol but not testosterone concentrations in both boys and girls (157) . Serum estradiol within the first 5 months of age is positively correlated with later language development, whereas the inverse is true of testosterone (158, 159) . As in rats, Foxp2 is implicated in speech development and verbal abilities in humans (160) and is sexually dimorphic in the cortex of 4-year-old children (147) .
Audible cries are also present throughout human childhood, induce care from caregivers, and decline with age. As children age, a different care-seeking dynamic emerges as gains in functional and emotional independence are made. As puberty begins, there is a gradual decrease in time spent with family group from 5th to 9th grade, the age limits studied, in both boys and girls (161) . Although adolescents spend more time with peers and care greatly about their fit within social groups, parental influences on offspring are still present (162), an obvious but significant difference from rodents.
Play and affiliative behavior
Rats and mice
Play behavior in rats is an easily observed component of the juvenile social repertoire (163, 164) . It is generally thought to prepare an individual for later social interactions (165) and can be distinguished from aggression in rats based on the targets of contact (nape in play and rump in aggression) (166) and the occurrence of piloerection and submissive postures in adult aggression only (167) . Juvenile mice show fewer and more rudimentary play behaviors than rats, and research generally focuses on affiliative behaviors like huddling or grooming (168, 169) . Sex differences in rates of play are observed in both rats and mice. In rats, males consistently perform more play and play solicitations than females, likely because of differential perinatal testosterone exposure and actions of androgen and estrogen receptors (170) . In CD-1 and C57BL/6J mice, however, females tend to show more passive affiliative behaviors than males (171, 172) . Interestingly, this sex difference may depend on interactions between the sex chromosome complement and circulating gonadal hormones, as demonstrated by the four-core genotype model (173) .
Development of play behavior in rats has been well described in several longitudinal studies (174) (175) (176) (177) . Although some play behaviors occur as soon as pups open their eyes, play becomes substantially more frequent after weaning and peaks between P35 and P40, depending on the study. Stable dominance patterns emerge after P40 to P44 (175) , around the same time that males and females begin to prefer same-sex play partners and wrestling behaviors are replaced by boxing (176) . Performance of play behaviors decline around P50 to P60 and are low but present throughout adulthood (174, 175) . In male Sprague-Dawley rats, adolescents perform more calls in anticipation of social interactions than adults (178) . Conversely, adults perform more 50-kHz calls associated with positive effect during social contact than do adolescents (179) .
In mice, locomotor-rotational play behaviors like noncontact chasing are observed in C57 mice between P15 and P30, but minimal changes are observed over development (168) . Juvenile social contact does, however, seem more important than older ages in facilitating adult social interactions (180) . Affiliative behaviors like sniffing, contact, and allogrooming generally increase with age in outbred male and female CD-1 mice from P23 to P47, but this effect depends on sex and previous social isolation (171) . Anogenital sniffing is the only behavior that shows an adolescent peak similar to patterns observed in rats, and is highest between P32 and P35.
Humans
In humans, Smilansky cognitive play categories include functional (using toys), constructive (creating materials), or dramatic (transforming/imagining objects) play (181) . As in rodents, there are also sex differences in human play that are demonstrated in terms of toy preference (e.g., cars vs dolls) (182, 183) , general activity levels in infants less than a year old (184) , and the performance of rough and tumble play (185) . Masculine play indices in children 14 months, 3.5 years, and 8 years old are positively correlated with concentrations of testosterone in infant urine at 6 months, in maternal blood at 16 weeks' gestation, and in amniotic fluid at 16 weeks gestation, respectively (133, (186) (187) (188) . Moreover, the display of sex-typed behaviors at 3 to 4 years predicts physical activity at 12 years (189) and sexual orientation at 15 years in a large longitudinal study (190) . Sex differences in general activity levels and toy preferences are also observed in nonhuman primates, lending further support for the influence of a biological factor on the performance of some play behaviors that can then be enhanced by our societal conditions (191) .
Although human infants lack the physical abilities to initiate most forms of play, they still prefer to look at faces over other items and can play "peekaboo" within the first year. As gains in mobility are made, functional play with toys is high into kindergarten, at which point dramatic play peaks and tends to replace functional toy play (192, 193) . Solitary play is also replaced by parallel and group play during this transition. In preschool, boys tended to show more dramatic play, whereas girls tended to show more constructivist play (194) . Overall, maturation of play incorporates more social interactions over time (194) . This trend continues into 6 to 12 years, as children gain the reasoning abilities to reflect on their behavior and position within a broader and more independent social world (195) . Rough and tumble play is frequently observed within this age range and is considered purely playful (196) . However, children typically begin to select play partners that are less physically strong by the age of 11 (196) , after which rough and tumble play is more associated with aggression than in earlier years (197, 198) . Complexity of social groups and behavioral interactions increases even more in adolescence (11) . The same might be true in rodents in anticipation of communal nesting and pup rearing in adulthood, but not well studied in naturalistic conditions.
Aggression
Rats and mice
Although aggression can take many forms, this review will focus on physical aggression as a behavior that can be quantified in both rodents and humans. Males show more physical or directly aggressive behaviors than females across development in mice, rats, and humans (199) (200) (201) (202) . In male rodents, displays of aggressive behaviors like lateral attack and chases are most common during interactions with novel male conspecifics and are exacerbated by social isolation (203) . In females, aggression is generally seen during maternal defense of pups and territory (204) . In male and female mice and male rats, aggression is influenced by both perinatal and adult androgen manipulations (127, 202, 203, 205, 206) . In female rats, testosterone and estradiol interact to moderate maternal aggression (204, 207) .
The development of aggression has been better described in mice than in rats. In outbred strains, aggression is first shown at P30 or P35 and then is consistently present long into adulthood; duration of fighting continually increases with age (127, 128) . Of note is that the animals in these early studies were individually housed after weaning, so the increase in aggression with age could be related to extended social isolation over time. However, in CD-1 mice housed in single-sex groups, aggression is observed in animals as young as P26, is high in both male and females at P35, and remains high until the end of testing at P47 (171, 208) . Defensive behaviors in subordinate animals show a similar inverse pattern. There are no qualitative changes in the kinds of behaviors observed in the transition between juvenile and adolescent periods, suggesting that early fighting develops into adult fighting without a play component. In contrast, same-sex play transforms into aggression during puberty in rats (209) . Aggressive fights are first observed around P43 male rats and are more frequent in animals that are 45 to 60 days old compared with animals between 80 and 120 days. However, the severity of the fights increases with age and peaks around P80.
Humans
Hormonal influences on aggression in humans have long been debated (210) (211) (212) . Although basal concentrations of testosterone are generally positively correlated with aggression, this relationship is weak and sex dependent (213) . A more nuanced perspective considers that testosterone might affect different aspects of aggression (reactive or proactive behaviors) depending on self-construal and other personality traits (214) . Another important distinction is between basal testosterone concentrations and short-term testosterone changes in response to challenges. Indeed, testosterone reactivity to a challenge does appear to increase aggression in both males and females, especially in high-dominance males (215, 216) .
Aggression generally increases in young human children between the age of 1.5 to 3.5 years (199, 217, 218) , and boys generally show more aggression in quarrels than do females at this age (218) . Longitudinal studies of physical aggression demonstrated a general increase in aggression over time between 5 and 13 years, and the term "Young Male Syndrome" has been used to indicate the perceived peak in physical violence between 12 and 25 years in males (219) . However, distinct trajectories of change from childhood to adolescence have also been identified (220): 80% of study participants show declines in aggression between 6 and 15 years, where some show consistently low or consistently high levels during this same period. In a study that included younger male and female participants, a similar gradual decline between 2 and 9 years of age is observed, most pronounced between 2 and 4.5 years, and is similar across sex (221). In late adolescence, aggression continues to show a downward trend in the majority of human samples in both males and females, but males show more aggression than females (222, 223) . Of note is that some girls who initially showed low aggression at 10 years can show a substantial increase in aggression in the 8 years that follow (223) . Interestingly, links between aggressive behavior and pubertal changes in circulating hormones are weak (224, 225) .
Sexual behavior
Rats and mice
Opposite-sex encounters in adult rodents often include sexual interactions. The sequence of displayed sex behaviors in male rodents includes a progression from mounts (initially misdirected) to intromissions and then ejaculations and are sensitive to perinatal and pubertal organization effects of gonadal hormones and later activational effects in adulthood (4, 226, 227) . In rats, adult castration reduces the display of these behaviors and treatment with aromatizable testosterone (but not dihydrotestosterone) restores them (228) . The perinatal aromatization of gonadal testosterone to local estradiol is also essential in the initial organization of male rat sexual behavior (64) . In male mice, notable strain differences in dependence on circulating testosterone are observed: whereas C57BL/6J show low levels of ejaculations 5 weeks after adult castration, subsets of B6D2F1 males can continue to show the full compliment of sex behaviors 25 weeks after castration (229) . Similarly, strain differences are also observed in the effects of neonatal testosterone and estradiol on the performance of later sex behavior in male mice (24) . In female rats, proceptive behaviors are sometimes shown, and mounts will initiate a lordosis response in females in estrus or primed with appropriate levels of estradiol and progesterone (230, 231) . These behaviors are also organized by neonatal gonadal hormones (232, 233) . In mice, proceptive behaviors are not observed and lordosis is often performed standing with less exaggerated dorsiflexion (24) . In C57Bl/6J mice, exposure to estradiol and progesterone P15 to P25 appears to be especially important, indicating that sex differentiation of sexual behavior occurs later in female than male mice (234, 235) .
In Long-Evans male rats, opposite sex play appears to gradually transition into sex behavior (176) . Femaledirected anogenital investigations and mounts begin as early as P31, peak P41 to P45, and then decline at P55, likely because more complete sexual behavior becomes more prominent. Median age of first mounts, intromissions, and ejaculations are P41, P44, and P48, respectively (236, 237) . However, the range of age at first observation is broad (often a range of 10 days), and median age at first ejaculation is as late as P67 in some studies (236) . Wistar rats show slightly delayed development: first ejaculations are observed at P62 and plateau by P84 (238, 239) [but see (240) ]. Few studies have assessed the development of female sexual behavior, with one exception. Female rats first show lordosis in response to male mounts around P41 to P45 and show peak rates P46 to P50 before a slight decline at P55, the last age tested (176) .
The development of these sexual behaviors is not as well described in mice, is often strain dependent, and can be advanced by contact with the opposite sex (39) . In C57BL/6J and BALB/cJ male mice housed with females since weaning, both strains show greater preference for interacting with females over male conspecifics between P25 to P45 in short (5-minute) tests of social behavior in same or opposite sex groups (241) . C57BL/6J and BALB/cJ males began to mount female stimulus animal at P30 and P35, respectively, and reached a plateau at P45, ;5 days later. In contrast, SEC/IReJ males show these behaviors around P50 (39) . The average age of a male first impregnating a cohabitating female in C57BL/6J and CD-1 strains is P43 and P40 (85, 125) . In female outbred albino and C57GL/6J mice housed without males during development, the first mating is observed between P35 and P60, with an average around P50 (34, 84) . In contrast, outbred albino females housed with males since weaning show first mating between P32 and P40 (34, 87) .
Humans
In humans, motivation for sexual behavior, but not the performance of sexual behavior, is affected by gonadal hormones (242) . In men, testicular androgens drive male sexual motivation (243, 244) . In a developmental context, androgens, but not chronological age, are correlated with self-report measures of sexual motivation and activity in adolescent human males (245) , and predict sexual behavior in adolescent males (246, 247) . In women, sexual proceptivity peaks at ovulation and then drops in the luteal phase of the menstrual cycle (242) . Greater sexual desire is significantly negatively correlated to naturally cycling progesterone concentrations and positively correlated with estradiol concentrations 2 days prior; estradiol was also positively associated with greater probability for sexual behavior (248) . However, these effects depend on the target of sexual desire (extra-or intrapair) and menstrual phase in women in established relationships (249) . Although exogenous testosterone treatments can increase sexual drive, these effects are supraphysiological and may be due to aromatization to estradiol (242, 250) ; no effects of testosterone have been observed within natural cycles (249, 250) . In a developmental context, testosterone has been linked to the onset of sexual thoughts in adolescent women (246) , and rising concentrations of the adrenal androgen dehydroepiandrosterone are associated with first sexual attraction in males and females around 10 years (251) .
Thinking about sex increases dramatically between 9 and 10 years old and 13 and 14 year olds, perhaps earlier in males than females (252) . In females, breast development occurs around 10 years of age (101) , and this physical change likely alters male behaviors toward her, complicating our understanding of social behavioral interactions. In both sexes, the median age at first kiss and date is between 15 and 16 years old, whereas median age at first sexual encounter, statements of love, and commitments to serious relationships was between 17 and 18 years (253) . In large US studies, the proportions of participants reporting to have vaginal intercourse gradually increases with age, from rare (14 to 15 years) to one-third (16, 17) to two-thirds (18, 19) of the respondents responding affirmatively. Mean age at first sexual encounter for both men and women is 17 years (254) . NHANES data of vaginal, oral, or anal sex from 1999 to 2012 show a similar pattern that continues more gradually into 24 years of age, where over 90% of respondents were sexually active. However, differences are found between people of different race/ethnicity groups (255) (256) (257) . The median age at sexual initiation appears to have advanced over the last 40 years by 1 and 2 years in males and females, respectively (256) .
(Allo)parental behavior
Rats and mice
In rodents, parental behaviors include nest construction, retrieval and licking of pups, and huddling or nursing behaviors (258) . Although female rats provide the bulk of parental care to their pups, adult virgin females and males actually avoid contact with pups unless sensitized to them over the course of days. As such, one can study the display of (allo)parental behaviors in rats and mice after sensitization independent of circulating hormones necessary for gestation, parturition, and lactation (258) . These behaviors are sensitive to gonadal hormones both during development and in adulthood. Testosterone treatment of neonatal females reduces the display of maternal behaviors in adulthood, and castration of neonatal males increases these behaviors in estradiol-and progesterone-treated adult males (259, 260) . In adult female rats, estradiol and progesterone treatment facilitates the display of maternal behavior in nulliparous females (261) . Adult male rats also show a reduced latency to display paternal behavior upon castration and treatment with estrogen and progesterone (260) . The display of parental behavior in juvenile rats is unaffected by concurrent treatment with progesterone (262) . Parental care in mice seems less dependent on circulating hormones than on neonatal androgen exposure, and males housed with breeding litters are often parental (258) .
Although parental behaviors are typically considered a hallmark of adulthood, displays actually begin much earlier in development. In virgin rats, juveniles sensitize and provide care (retrieving, licking, huddling) to pups more quickly than do adults, and males are more responsive than females (258, 263) . In fact, P18 to P24 male and female rats show no aversive responses to young pups (264) . The responsiveness to sensitization is highest between P21 and P24 compared with younger (P18) and older (P24 and P90) ages in Wistar and LongEvans rats of both sexes (264) (265) (266) . However, the nuanced patterns of care provided by juveniles are still immature relative to adults (263, 267) . Post puberty, females sensitize to pups more quickly and consistently than do males (258) .
In mice, a different pattern is present and is strain dependent (268) . In Rockland-Swiss mice, prepubertal males and females are both nonresponsive to pups, and virgin juvenile males and pubertal females may kill them (269, 270) . In C57BL/6 mice, females show a gradual increase in parental behaviors between P20 and P22, P30 and P35, and P60 and P62, with 11%, 20%, and 50% showing some forms of parental behavior during their first exposure to newborns, respectively. Conversely, males showed a gradual transition from 0% of juveniles to 100% of adults showing infanticidal behaviors in the same study. It is unknown if these transitions are dependent on chronological age or exposure to pubertal gonadal hormones.
Humans
Humans also show alloparenting behaviors without the need for previous parental experiences, as evidenced by successful adoption of unrelated children (271, 272) .
Additionally, there is evidence for closer contact between nieces/nephews and childless aunts than of nieces/ nephews and maternal aunts in modern Belgium (273) , and older siblings increase survival of their younger siblings as "helpers at the nest" (274) . Although most studies describe alloparental care from female kin, human males show greater degrees of parental care than other primate species (275) . Although oxytocin is clearly important in parental behaviors in both male and females of rodents and humans, a reduction in testosterone seems important in paternal behaviors, especially in humans (275) (276) (277) .
The development of alloparental behaviors is not well described in humans, but some indications suggest that it follows a trajectory closer to mice than rats. When asked about preferences for faces of babies or adults, both male and female children 7 to 12 years old prefer adult faces to a similar degree (278) . Males show an increasing interest in baby faces with age, with an eventual slight preference for baby over adult faces by 17 years to young adulthood. In females, a major shift occurs between 12 and 14 years such that there is almost universal preference for baby faces over adult faces in older individuals, concurrent with onset of "babysitting years" in teens. The female preference for baby faces continues into adulthood. Of course, cultural influences on self-reported preferences cannot be excluded in this context. These alloparenting behaviors occur significantly earlier than the onset of maternal behavior in our current society, as the mean age at which a woman gave birth to her first child in 2014 was 26 years. This is significantly later than measures taken in 2010 and depends on race/ethnicity (279) , further highlighting the role of cultural influences in human developmental milestones.
Conclusion
Clearly, postnatal development is a time of dynamic change in gonadal hormones and social behaviors. Although similar kinds of behaviors are present in all three species discussed here (and also nonhuman primates), there are some important differences between the species in terms of the hormone dependence, sex bias, and optimum age for observation. In rats, for example, social behavior precedes aggression significantly, whereas in mice, they often co-occur during peripubertal development. Alloparental behavior is another major distinction between rats and mice, and perhaps one of great interest for continued study. There is a significant temporal gap between peak parental care-seeking and juvenile play/ social behavior that leaves this young juvenile period of development poorly characterized. However, alloparenting is actually at its peak at this time in rats. In humans, children model caretaking roles at this time, which may be an interesting comparison to explore. Continued study is also needed to describe the development of female sexual behavior in rodents; whereas lordosis is present as soon as estrous cycles begin in rats, there may be developmental changes in the quality or quantity of proceptive or receptive behaviors displayed with continued maturation. Finally, it is worth noting that testosterone in rats does not stabilize at adult-like concentrations until P90. As such, studies done on P60 male rats may be analogous to those done in older teenage humans. Although developmental research can be time and effort intensive, continued study of juvenile and adolescent periods can only enhance our understanding of the myriad ways in which gonadal hormones influence social lives.
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